Introduction
The global prevalence of chronic obstructive pulmonary disease (COPD) is estimated to be around 12%, with the highest prevalence found in adults .60 years. 1 COPD is currently the fourth leading cause of death worldwide. 1 Currently, in our outpatient setting, the frequency of elective consultations for COPD monitoring is determined by rather subjective criteria that fix the time intervals, for example, once or twice per year, not respecting the wide interindividual variability of the need for medical support between patients with disease courses of varying severity. This can lead to an inefficient use of health care resources. Acute exacerbations of COPD are often missed or not reported to the medical caregivers, which can Dovepress Dovepress 3104 rassouli et al negatively influence disease progression and health-related quality of life (HRQoL). 2 These events should be detected and treated earlier to potentially reduce emergency admissions and hospitalizations and to try to improve the outcome and prognosis. Telehealthcare (THC) could be a useful aid to support outpatient COPD monitoring, but the current literature on this topic is inconsistent. 3, 4 We have recently tested the safety and feasibility of adding THC to our current COPD outpatient management in a pilot study and have obtained encouraging results. 5 Standardized questionnaires are important aids to enhance the validity of THC for COPD. Apart from questions directly aiming at the early identification of exacerbations, the application of a questionnaire focussing on the impact of COPD on daily life can enhance the monitoring of COPD patients. The COPD assessment test (CAT) was developed in 2009 with the input of COPD patients to provide an easy-to-use quantifiable measure of HRQoL. 6 It reflects the functional status of COPD patients quite well. 7 A systematic review supported the reliability and validity of the CAT and found that the tool is responsive to interventions, although the minimal clinically important difference (MCID) of 2 points is not well established. 8, 9 Regarding the evolution of the CAT over time, only little data is available. 10 Our aim was to investigate the evolution of CAT in our THC cohort of COPD patients and to evaluate the potential of repeated CAT measurements to predict exacerbations.
Patients and methods
This study has been approved by the Swiss Institutional Review Board (Swissethics, trial number CTU-14/035). All patients provided written informed consent for the study assessments.
Trial design
The pilot study, from which this subanalysis has evolved, is a single-center, one-arm, prospective feasibility and safety trial conducted over 1 year (from February 2015 to January 2016). It was conducted in the Department of Pulmonary and Sleep Medicine, Cantonal Hospital St Gallen, St Gallen, Switzerland and the patients' homes. The trial language was German. The THC procedure and the selection of subjects are described in detail elsewhere. 5 In short, patients answered eight questions aiming at the detection of acute exacerbations of COPD online every morning with a "yes" or "no". Further, we provided an "emergency plan" containing instructions on how to behave in subjective emergency situations. All answers were analyzed daily (Monday through Friday) by a pulmonologist and a study nurse, who consecutively reacted according to a prespecified action plan (Figure 1 ). Inclusion criteria were COPD Global Initiative for Chronic Obstructive Lung Disease (GOLD) B-D, age $40 years and ability to use the technology. Exclusion criteria were presence of other significant lung diseases, active malignant disease, inability to provide informed consent or to follow trial procedures, insufficient knowledge of trial language, institutionalized (nursing home) patients or palliative patients, patients with known or suspected noncompliance and drug or alcohol abuse. The recruitment of eligible COPD patients took place in daily clinical practice in our institution. No formal power analysis was done in this exploratory pilot study. The sample size was constrained by the total number of eligible patients that we were able to recruit within 1 year. Trial participants were not given any payment or compensation.
endpoints
In this subanalysis, we evaluated the evolution of the CAT score, which was measured weekly over up to 1 year in our THC cohort of COPD patients.
Objectives
We examined the association of the CAT evolution with the risk of exacerbation as defined by GOLD and a possible learning effect of the patients in filling out the CAT.
statistical considerations
The exacerbation rate was modeled using Poisson regression and negative binomial models. 11 The estimates and 95% CI are reported. The evolution of the CAT was analyzed using linear regression. The slope estimates and the associated standard errors are reported. The change over time was used to determine whether a patient improved (significant negative slope), stabilized (slope not significantly different from 0) or worsened (significant positive slope) over time. The significance level was set to the nominal value of 0.05. The association between the evolution of the CAT and the occurrence of exacerbations was evaluated using the Andersen-Gill formulation of the Cox proportional hazards model, which is appropriate for the analysis of recurrent time-to-event data with time-varying predictors. 12 Multivariate models were used in order to test the effect of putative confounding variables. Finally, we modeled the CAT kinetics using the four-parameter Brain-Cousens hormesis nonlinear model (BC.4). This model describes an initial increasing/decreasing phase followed by stabilization. In order to decide whether or not a learning effect exists, we compared the goodness 
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longitudinal change of CaT associated with exacerbation risk of fit obtained by this BC.4 model with that obtained using linear regression. All analyses were done using the R statistical software 13 including the dedicated extension packages "survival" 14 and "drc".
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Results
The mean follow-up of the pilot study was 231 (range 47-349) days. The patients' baseline characteristics are demonstrated in Table 1 . The study flow chart is presented in Figure 2 . The results about the safety and feasibility of the proposed THC procedure are reported elsewhere. 5 For this subanalysis, we had to exclude 8 out of the 48 patients due to insufficient CAT data.
With our proposed THC system, we were able to detect 65 exacerbations in 20 patients. These have all been managed as outpatients. Three exacerbations were not detected by our procedure. These three patients have been hospitalized after they presented at the emergency department. The average rate of exacerbation was 2.5 per patient-year (95% CI: 1.9-3.1; Figure 3 ).
The median CAT at study inclusion was 17 points (range 1-30, interquartile range [IQR] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The compliance to fill out the weekly CAT was 91% (2,364 of 2,538 required entries) in our study population. The evolution of the CAT over the study period for each patient is shown in Figure 4 . Twenty-five percent of patients had a significant negative slope (= improvement; median -7 points per year, IQR -9 to -5), 38% were stable (median +0 points per year, IQR 0 to +2) and 38% had a significant positive slope (= deterioration; median +6 points per year, IQR +4 to +11). The median slope of the CAT in the overall cohort was +1 point per year (IQR -3 to +6).
A significant positive association was found between the change in CAT scores and the incidence of exacerbations (hazard ratio =1.08, 95% CI: 1.03-1.13; p,0.001). There was an 8% increase in the risk of exacerbation per unit increase in CAT. This means that, for example, a slope of +6 points per year was associated with a 48% increase in the risk of exacerbation per year. The association between the change in CAT scores and the risk of exacerbations remained significant By pressing "COPD study", patients were transferred to the questionnaire. lower part: screenshot of daily online questions to be answered by the patients ("yes" or "no"). right upper part: "cockpit" of the study team with color-coded alerts in the right column under "status today" (red = aeCOPD suspected, need for telephone call; yellow = more symptoms than usually, but for ,24 h; green = not more symptoms than usually; gray = questions not answered). Under "Weekly status", the alerts of the last 7 days are displayed. Patients could make comments and ask questions. adapted and translated from our pilot study. Adapted from our pilot study: Rassouli . As a subanalysis, we excluded the seven patients with a learning effect from the analysis above. After that, the results did not change relevantly (data not shown).
A detailed cost analysis of our THC procedure is provided in the original publication of the pilot study. 5 In short, our THC intervention would cost around 167 Swiss francs per patient-year.
Discussion
Regarding the evolution of the CAT in our THC cohort of COPD patients over time, we observed a significant and clinically relevant improvement of HRQoL (above the after adjusting for the putative confounding factors age, gender and forced expiratory volume in 1 s (FEV 1 ; % predicted) at baseline, using multivariate models.
There was no significant correlation between the CAT slope and the delta FEV 1 (% predicted).
Regarding the learning effect to fill out the CAT correctly, the BC.4 model could be fitted in 38 out of 40 patients. In 7 out of 38 fits (18.4%), there was a significant improvement in goodness of fit in comparison with linear regression. This means that in 18.4% of cases, there was a significant learning effect. Among the patients showing a significant learning effect, the median learning time was 37 days (IQR 30-133), which means that they needed to fill a median of five 
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longitudinal change of CaT associated with exacerbation risk proposed MCID of 2 points) in 25% of patients and a stable evolution in 38%, resulting in 63% of patients with no deterioration of HRQoL due to COPD over a mean follow-up of 231 days. In a German registry (DACCORD), 49% of patients reported an improvement above the MCID 1 year after first treatment or optimization of COPD therapy. 10 The patient characteristics of the DACCORD cohort were comparable to those of our THC cohort, regarding gender, age, disease severity, smoking status and CAT score. There are only few randomized controlled trials (RCTs) investigating THC for COPD and even less investigating HRQoL. [16] [17] [18] [19] [20] [21] [22] [23] A study from the UK over 12 months found 20 It is important to mention that the THC interventions differed considerably between these studies. The "reaction interval" varied daily, weekly, every 2 weeks and monthly. Further, the kind of intervention was very heterogeneous and could consist of measuring heart rate, physical activity, temperature and/or oxygen saturation, online questionnaires based on symptoms, web-based exercising, selfmanagement instructions or spirometry. [16] [17] [18] [19] [20] [21] [22] [23] To the best of our knowledge, the CAT has never been assessed as an endpoint for HRQoL in an RCT investigating THC for COPD, despite being recommended as a first-line tool in the assessment of COPD by the GOLD. 1 The fact that the CAT was improved or stable in nearly two-thirds of COPD patients in our THC cohort is promising and could indicate the potential of our proposed THC procedure to significantly improve HRQoL. There are some possible mechanisms of how our THC procedure could positively influence the evolution of the CAT score as a surrogate for HRQoL. The main focus of our algorithm is to detect and treat acute exacerbations as early as possible. This seems to be possible according to the results of our pilot study. 5 Another aspect, which we did not measure systematically, is a probable teaching effect and sensitization of the patients by daily thinking of their COPD symptoms. Further, with every phone call made, the study team evaluated the current therapy regimen and made suggestions to optimize it, if necessary. An RCT to test the hypothesis that our THC procedure could improve HRQoL in COPD is the next required step.
We describe a significant association between the intraindividual evolution of the CAT over time (ie, the slope) and the occurrence of exacerbations. There is evidence that the absolute value of the CAT measured at one time point is associated with exacerbation risk, [24] [25] [26] but analyses of serial measurements related to this question have been lacking so far. So, the question arises as to whether a positive slope of the CAT is a reason or a consequence of exacerbations. It is tempting to hypothesize that both directions might be possible: on the one hand, increased values at exacerbation onset of ~4 points are described, 8 which seems intuitive due to the definition of COPD exacerbation and the content of the CAT questions. On the other hand, higher CAT scores in the exacerbation-free interval are associated with an increased exacerbation risk and disease progression. 1, [24] [25] [26] We detected a significant learning effect in filling out the CAT in 18.4% of patients with a median learning phase of five filled questionnaires. We found no information regarding this aspect in the literature. This finding implicates a possible need for some patients to train filling out the CAT several times, before reliable and reproducible CAT scores can be obtained.
According to our current THC algorithm, we had to conduct approximately half an hour of telephone calls per patient-year, which is comparable to one outpatient visit, and we generated costs of 167 Swiss Francs per patient-year. We judged this expenditure as not being out of scale.
Conclusion
We provided longitudinal measurements of the CAT score in a THC cohort of COPD patients over up to 1 year and found that 63% of patients experienced a stable or improved CAT while being monitored with THC. This promising finding could indicate the potential of our proposed THC procedure to significantly improve HRQoL, which has to be tested in an RCT.
We found a significant positive association between the evolution of the CAT over time and the risk of exacerbation. The CAT is not only a reliable measure of HRQoL in COPD patients, but could possibly also assist in the risk assessment for future exacerbations, when monitored in a longitudinal fashion. Prospective trials to confirm these findings would be required.
About one-fifth of patients needed to learn filling out the CAT several times, before reliable results could be obtained.
